suMMARY Ruptured atheromatous plaques were identified by step-sectioning technique as responsible for 40 of 51 recent coronary artery hombi and 63 larger intimal haemorrhages. The degree of pre-existing luminal narrowing at the site of rupture was decisive for whether plaque rupture caused occlusive thrombosis or just intimal haemorrhage. If the pre-existing stenosis was greater than 90% (histologically determined) then plaque rupture nearly always caused occlusive thrombosis. Clearly indicating the pnmary role of plaque rupture in thrombus formation were the frequent finding of plaque fragments deeply buried in the centre of the thrombus and the nature of the thrombus at the site of rupture where it consisted predoiinantly of platelets. Thus, a severe chronic stenosis seems to be a prerequisite for occlusive thrombus formation, but the thrombotic process itself is triggered by an acute intimal lesion.
No general agreement exists on the pathogenesis of early atherosclerotic lesions, but there seems to be little doubt that incorporation of mural thrombi ("encrustation") contributes to the progression of the atherosclerotic plaques causing luminal narrowing,12 and the final vascular occlusion is in any case always the result of a complicating thrombosis.3 Thetriggering mechanism responsible for a sudden thrombotic occlusion of a vessel which has been diseased for years is, however, still not well understood. Thrombus formation involves the interplay of the vascular wall with cellular and humoral factors within a flowing stream of blood. For more than 100 years three factors, usually known as the triad of Virchow, have been considered essential in thrombogenesis: abnormalities of the vessel wall, alterations of blood flow, and changes in the composition of the blood. In fatal atherosclerotic heart disease, necropsy studies have shown that coronary artery thrombosis practically never occurs unless the following are present.
(1) An acute intimal lesion underlying the thrombus. Intimal haemorrhages were once considered the primary cause of coronary thrombosis,45 but more Accepted for publication 16 March 1983 recently the acute vascular lesions at the site of thrombosis have been described as intimal fissures, breaks, tears, rents, erosions, ulcers, and ruptures. [6] [7] [8] [9] [10] [11] [12] (2) A pre-existing atherosclerotic plaque at the site of thrombosis causing severe luminal narrowing' 13 14 and resulting in localflow disturbances. Recent angiographic studies of patients with evolving myocardial infarction have shown that after successful intracoronary thrombolysis an underlying high grade atherosclerotic stenosis remains. 15 Concerning changes in the composition of the blood, several studies have described abnormalities in platelet function,16 17 No appreciable coronary atherosclerosis was found in two patients, where necropsy showed a congestive cardiomyopathy in one case and a myeloproliferative disorder with acute coronary thrombosis in the other.
Coronary atherosclerosis was the underlying cause of death in the remaining 47 cases (37 men, 10 women, age range: 42 to 87 years, median age: 69 years). In three patients who died instantaneously without preceding symptoms, the necropsies disclosed a total of 10 old coronary occlusions but no recent thrombi. In 44 patients, of whom two died instantaneously while 42 had chest pain before death, the necropsies disclosed 29 old coronary occlusions and 51 recent coronary thrombi. The ages of the recent thrombi judged from the clinical symptoms and the myocardial infarcts (when present) were as follows: 26 were less than 24 hours old, 14 were 1 to 7 days old, five were 1 to 2 weeks old, and six were more than 2 weeks old.
These 47 cases of fatal atherosclerotic heart disease form the basis for this study. Eleven of them were used in a previous study, where the methods of heart examination were described in detail.24 Briefly, after postmortem coronary angiography, fixation, and decalcification, the coronary arteries were crosssectioned at 3 mm intervals. All segments, which angiographically or after sectioning showed occlusions, stenoses, or larger intimal haemorrhages, were processed for microscopy. All thrombosed segments were step-sectioned at 200 ,u intervals and the point of maximal luminal reduction resulting from old atherosclerotic plaques was identified. All larger intimal haemorrhages were also step-sectioned, though with variable intervals. Approximately 8000 sections were examined microscopically.
DEFINITIONS
Histological stenosis: the ratio between the crosssectional area of the residual lumen and the assumed original cross-sectional luminal area of the vessel (the area encircled by the internal elastic membrane).
All cross-sectional areas (A) were calculated from measurements of maximal (D) and minimal (d) Tables 1 to 3. microscope (Fig. 1) . In several cases fatty atheromat-A total of 103 plaque ruptures was identified (Table ous material (Fig. 2) . In addition to intimal haemorrhages of variable degree, there were 40 cases associated with significant luminal thrombosis ( Fig. 3 and 4) which in all but two were occlusive (two left main stem lesions with mural thrombosis). (Fig. 3 and 4) . At the site of rupture aggregated platelets could be identified readily by their characteristic morphology in all thrombi less than a few days old; later on the platelets were condensed into a homogeneous eosinophilic mass. In the 11 cases where an underlying plaque rupture was not identified, minor intimal irregularities or breaks were usually seen. The preFalk existing stenosis at the site of thrombosis was greater than 95% in the majority of these cases (Table 3) .
Discussion
Pathologists have been aware for many years that the thin fibrous "cap" separating the fatty material of an atheromatous plaque from the lument of an artery may rupture. ' 25 When this happens, the following events may occur separately, simultaneously, or successively: (1) haemorrhage into the plaque22 23; (2) discharge into the lumen of atheromatous material causing local vascular obstruction or peripheral embolisation13 25; (3) mural thrombosis14; (4) occlusive thrombosis.' [6] [7] [8] [9] [10] [11] [12] Intimal haemorrhage alone usually causes no appreciable acute deterioration of the luminal narrowing and is, therefore, probably clinically silent. No instance of so-called occluding intimal haematoma5 was seen in this study. Mural thrombosis and peripheral embolisation may cause symptoms such as unstable angina while occlusive thrombosis is always a life-threatening event and is the main cause of acute myocardial infarction.26 27 The exact connection between plaque rupture, chronic atherosclerotic stenoses, intimal haemorrhage, and luminal thrombosis has not previously been reported. This investigation shows that the fate of a plaque rupture depends on the degree of preexisting luminal narrowing. If the stenosis is less than 75% the rupture will cause intimal haemorrhage without significant luminal thrombosis, but with stenoses in excess of 75% occlusive thrombus formation occurs with increasing frequency. Thus, rupture of a plaque causing 90 to 95% stenosis usually results in occlusive thrombus formation, and rupture of one which had caused more than 95% stenosis seems always to do so. As angiographic assessment of luminal narrowing compared with histological determination always underrates the severity of stenosis, though to a variable degree (because of different areas of reference used by clinicians and pathologists24), it can be deduced that angiographically assessed lesions with greater than 90% luminal area reduction nearly always thrombose if the stenotic plaque ruptures. Plaque rupture, stenosis, and thrombosis
Step-sectioning of coronary thrombi always or nearly always shows an underlying acute vascular lesion, most often a ruptured atheromatous plaque.6-A2 The frequent finding of plaque contents widely dispersed deeply in the thrombus7 8 25 clearly indicates that plaque rupture has preceded and not resulted from thrombus formation. A second point of evidence of the primary role of plaque rupture in the thrombogenesis is the nature of the thrombus at the site of rupture; it consists almost entirely of aggregated platelets.6 8 12 The platelet response in the vascular lumen is thus secondary to local stimuli from the vascular wall, and the degree of stenosis (local flow disturbances) is decisive for whether the platelet nidus at the site of rupture remains mural and limited or evolves into an occlusive thrombus. No doubt platelets are crucial for arterial thrombus formation, but in the majority of cases there is no need to suggest intrinsic abnormalities of platelet function16 17 or some precipitating thrombotic/hypercoagulable state '8 19 to explain the sequence of events leading to the final thrombotic occlusion of an atherosclerotic coronary artery. In the few cases, however, where no precipitating plaque rupture is identified it is possible that a thrombotic propensity in combination with severe stenosis is more important.
It has been claimed that plaque rupture is the underlying fatal coronary event in older rather than younger persons, 25 and it has been proposed that plaque rupture could constitute a link between hypertension and coronary thrombosis.3 Neither of these connections could be confirmed in the present study where no special correlation was found between fatal plaque rupture and age, cardiac hypertrophy (hypertension), sex, or diabetes mellitus. Rather, plaque rupture with severe pre-existing stenosis seems to constitute a kind of final common pathway in the atherosclerotic process causing the ultimate occlusion of the lumen by a thrombus.
The mechanism underlying the sudden rupture of a soft atheromatous plaque has been disputed. Probably plaque rupture is an incidental event in the evolution and growth of the atherosclerotic plaque and happens when the process of softening has gone so far that just a thin cap of fibrous tissue separates the fatty "gruel" from the lumen. 
